This study applied a generalized model to describe and optimize the formation process of nanofilms from their polymeric solutions. Through this model, one can optimize the concentration of the solvent in the polymeric solution, the appropriate geometric dimensions as well as the nanofilm formation speed. A comparison of this model with experimental data has revealed some similarities and differences in the solidification and evaporation processes of the solvent. The yield strength and plasticity were deeply studied using numerical simulation for polypolymer nanofilms when subjected to a tensile deformation along the <001> direction.
INTRODUCTION
The yield strength and plasticity were deeply studied using numerical simulation for poly-polymer nanofilms when subjected to a tensile deformation. The use of mathematical modeling in the design and manufacture of products made of polymer materials has several advantages, which include quality management capabilities of polymer products and solutions of optimization of production tasks. Its basis is a mathematical model, which should be simple and at the same time reflect all the features of the process under investigation. One common treatment processes in production of polymeric materials is a polymeric nanofilm. In the industry, plastic nanofilm used is primarily done through polymer melt extrusion method (Silagy et al., 1998; Seay and Baird, 2009 ). This method is suitable for molding polymeric materials that do not melt when exposed to thermal degradation. The polymer melt is extruded through an extruder, after the release of that nanofilm in radiation falls on the cooling drum. As a result, the film movement from the extruder comes to cooling of the drum, the change of width and thickness when this film is unevenly stretched leads to "neck effect". Since these processes occur simultaneously, with their mathematical modeling there must be a joint decision of equations for velocity, pressure and heat transfer (Kajiwara et al., 2003) . For polymers whose melting point is higher than the temperature of their thermal decomposition, to obtain the so-called nanofilms polymer solution irrigation method should be applied (Ito et al., 2003) . This method consists of three main stages: preparation of molding a specific concentration of the polymer solution through a spinneret, watering it on a polished surface (endless belt or drum), solvent removal (evaporation or by using the spin bath). It is used for stress relief, as well as improving physical and mechanical characteristics of the nanofilms produced in the molding process used heat treatment, binary or biaxial orientation.
In particular, not depending on the method for producing a solid liquid transition leads to uneven nanofilm structure change of geometric dimensions of the sample, which ultimately leads to the appearance of "neck effect". In both cases, the molding process is accompanied by relaxation and phase transition; when a film melt by solidification of the liquid film structure due to heat transfer processes, and by the solution -mass transfer. The process of obtaining a film of the polymer solution is inherently more complex because of a twocomponent system. In the molding conditions is an increase in polymer concentration, which leads to a sharp increase in the viscosity of the polymer system. Thus, when designing mathematical models polymeric nanofilm forming processes should be considered, particularly inherent features in each preparation process. Polymer nanofilms are of great technological interest. They have potential applications in photoelectrical and photovoltaics (Akhgari et al., 2006; Gang et al., 2006; Wang et al., 2001; Starostenkov and Aish, 2014) . They have been successfully synthesized, using various methods including electrochemistry, solution chemical reactions, and self-catalysis thermal evaporation (Akhgari et al., 2006) . Feng et al. (2006) have studied the mechanical properties of nanowires using nano indentation. On the other hand, Wang et al., (2001) , using transmission electron microscopy, have studied the mechanical properties of silicon carbide-silica biaxial nanowires, and their structural transformation between a biaxial and coaxial configuration. The origin of such remarkable properties of some nanostructures is still unclear. Aish et al. Aish and Starostenkov, 2013; Mohammed and Mikhail, 2016) have showed that the mechanical properties of Ni nanowires are highly dependent on the size, shape as well as the atomic vacancies in the nanowire and nanofilms.
Polypolemer nanofilms are of great technological interest.
They have potential applications in photoelectrical and photovoltaics (Xu et al., 2000; Tans et al., 1997; Woo et al., 2002) . They have been successfully synthesized using various methods including electrochemistry, solution chemical reactions, and selfcatalysis thermal evaporation (Michalet et al., 2005) .
Mechanical characterization of Polypolemer nanofilms is quite essential for deep understanding of their functionality as well as for the possibility of modeling and engineering new useful materials based on them.
Aiming at understanding the mechanical properties of Polypolemer nanofilms, molecular dynamics simulation was applied to characterize structural transformations that took place in the nanofilms when subjected to Aish 251
uniaxial stress. Figure 1 shows a schematic representation of the nanofilm deformation process when subjected to a uniaxial tension. It is evident that the deformation process starts with the appearance of atomic domains, where the atoms in each domain displace collectively towards some preferred directions. Mechanical characterization of polymer nanofilms is quite essential for deep understanding of their functionality as well as for the possibility of modeling and engineering new useful materials based on them.
Mathematical model
The work to find steady tensile stresses during use generalized rheology model in (20), the parameters of which are known concentration of functions. the polymer concentration in the system, which means that these values are changed upon solvent evaporation and must be set depending on the experiment. Values  , can be assumed apparently as constant.
In addition, rheological model was tested for adequacy by calculating the overlap of small oscillating fluctuations in a simple shear flow in parallel and orthogonal to the direction of shear (Giannikopoulos, 1998) . In carrying out the numerical experiment obtained, it was dependent on the stress tensor of velocity gradients and from time to time, which allowed calculations of the components of the complex shear modulus, dynamic viscosity and the angle of the dynamic loss; depending on the frequency of the driving oscillations of shear rate and the number of Deborah (D e ). The dependences obtained are compared with experimental data taken from literature that showed qualitative agreement between theory and experiment. These results allow discussion on the adequacy of the rheological model (1), which allows its use in the calculation of more complex movements than the realizable viscometers. For example, in (Sills et al., 2004; Overney, 1996; Overney, 1997) , it was considered as a steady flow between parallel planes under a constant pressure drop. It is shown that the model 1 predicts a non-parabolic profile velocity and having a non-zero differential pressure in cross flow direction.
A model (1) was applied to describe the process of nanofilm forming polymer solution. Since in this case the velocity gradients are not known, then for the system of equations we add the equation of conservation of mass and momentum, which in Cartesian coordinates are of the form 24:
velocities in x, y and z axis respectively; density. In case of registration of the evaporation, system (1, 2) must be supplemented by the transport equation for concentration:
Where c is the concentration of the solvent,  -the diffusion coefficient.
Next, the problem of stationary when in the fixed coordinate system have time-dependent quantities was considered. In this case, it was noted that the nanofilm thickness can be quite small and the concentration of the nanofilm thickness was considered constant. The origin is put in the middle of the outlet of the spinneret, x-axis along the direction of motion of the nanofilm and look for depending only on the variable solution of 1 to 3.
The kinematics process can be described in terms of the uniaxial stress, as in (Tsui and Pharr, 1999) . In the case of steady flow, stretching the continuity equation becomes:
From which the one-dimensional approach was obtained: The last term in the equation for concentration allows for the evaporation of the solvent through the surface of the nanofilm. Typically, solvent density is close to the density of the polymer, and therefore this difference, apparently, does not significantly have effect. In this case, the system of Equations 5 can be written as: The system of Equations 5 is a set of four ordinary differential equations, of the first order and the second order forms. Therefore, it should be complemented by five boundary conditions. Four of them can be put simply, when
x v these conditions are:
where k -Film stretch factor.
The concentration of the boundary conditions can be supplied as follows:
. Where 1 cthe concentration of the polymer solution. The second condition is that the concentration of the polymer on the tape (cylinder) takes a steady-state value.
Additional conditions for the stress can be obtained by calculating the polymer fluid in the volume of spinneret, which is a complex task. To evaluate the Stress 22 a and 33 a with reference to the work of Xu et al. (2000) , were obtained by the formula for the calculation of the plane-parallel flow under a constant differential pressure: 
The opposite situation is observed for 33 a , where his the nanofilm thickness. If these expressions are use,   33 a will be obtained. Those obtained up to first explain this contradiction order in Tans et al. (1997) , the expression for the velocity and pressure by K and β, and these expressions are not just for large pressure gradients. In Overney et al. (1997) , the limit value was When you perform calculations on a model 6 is necessary to obtain an expression for the width of the nanofilm due to the rate of its formation. In case of the melt flow simulation, when the volume does not change, this is simply the Expression 4:
Solutions must take into account correction associated with solvent evaporation. Let 
this expression can be written as:
This expression leads the following relation between the width of the film, its speed and obtaining the concentration of the polymer system:
Similarly, the dependence of the nanofilm thickness of its speed forming was found, changing the solvent concentration in the polymer system.
To perform calculations on the system of Equations 6 must be installed depending on the model parameters 0  and 0  concentration. Such dependence can be found when processing the experimental data, and quite often, they are of the nature of power (Overney, 1997) . Thus, solving one of the numerical methods for the system of Equations 6, taking into account (11), can be found not only a change in the geometric dimensions (width, thickness) forms a nanofilm; but also depending on the stress tensor, components are responsible for a number of consumer properties of the resulting nanofilm samples. It should also be investigated experimentally determined influence of rheological parameters on the character of the theoretical curves. In the absence of modulusmatching, shear stresses will concentrate at the interface (Tans et al., 1997) , and potentially compromise film stability.
Yield strength of the nanofilm
To calculate the dynamics of the atomic structure was used molecular dynamics method using Morse pair potentials :
parameters defining the interaction between a pair of atoms, K and L; rthe distance between the atoms. The interaction between atoms limited to three first coordination spheres. The initial velocities of the atoms according to the Maxwell distribution set the temperature of the experiment. To keep T constant, thermostat Berendsen was applied with a frequency correction rate once 10 -13 s (Berendsen et al., 1984) .
The dimensions of the Polypolemer nanofilms used in the following simulations are set to be Lz =5 and Lx=Ly, changes from 5 to 90. Figure 2 shows the yield stress-cross-section relations obtained from the simulations at room temperature. As can be seen, the figure was divided into three regions, 1st region at small cross-section the simulated stress decreased with increasing cross-section; 2nd region at intermediate cross-section the simulated stress constant with increasing cross-section; and 3rd region at high cross-section the simulated stress increases with increasing cross-section. Figure 3 shows a dramatical change in strength with increasing nanofilm crosssectional area at the strain rate of 2×10 7 s −1 . This is a "smaller is softer" effect. The effect of "smaller is softer" occurs for the nanofilms with smaller cross-sectional area and the self-similar hardening effect occurs for those nanofilms with high cross-sectional area.
Slipping parts in nanofilms tacking place, formed substructural blocks at the boundaries between the blocks packing defects formed. Atoms on the boundaries between substructural units had HCP topology as nearest neighbors. During the plastic deformation sequentially shift occurs several near parallel {111} planes, which led to the appearance of the side faces of the band, consisting of parallel lines slip with angle 35-45° to the axis of tension (Figure 3) .
The formation of shear bands indicates the formation of twins because of structural-energy transformations in the process of high-speed deformation, as shown in Figure  4a and b. At the end of plastic deformation, there has been an increase in the number of twins and their gradual destruction (Figure 4a ). The number of atoms in the HCP topology nearest neighbors located in parallel planes (Figure b ) was increased.
The current investigation shows the heterogeneity of plastic deformation of Polypolemer nanofilms. It is evident that this deformation starts to occur at the central area of the film. It is found that structural elements in each domain depend on the orientation of the axis of compression. Moreover, the anisotropy of structural changes taking place in Polypolemer nanofilms does depend on its orientation. In particular, the development of plastic deformation stages in the direction <001> produces the formation of anti-phase boundaries and Cdomains. C-domains form the plastic deformation.
Conclusion
This model has studied the isometric flows of real polymer liquids in the case of shear strain and uniaxial tension. In particular, it is shown that the state equation describes such effects observed in practice; how the viscosity of an anomaly, the first and second normal stress difference, viscosity increase the yield stress and tensile strain at its steady-state value. A good agreement was found between the theoretical and experimental curves in a wide range of deformation rates.
